( +)3H-3-PPP [( +) -N-(l-propyl)-piperidine] binds with high affinity to brain membranes with a pharmacological profile consistent with that of sigma receptors. The distribution of (+)3H-3-PPP binding sites in brain and spinal cord of both guinea pig and rat has been determined by in vitro autoradiography with binding densities quantitated by computer-assisted densitometry. ( +)3H-3-PPP binding to slidemounted brain sections is saturable and displays high affinity and a pharmacological specificity very similar to sites labeled in homogenates. (+)'H-3-PPP binding sites are heterogeneously distributed. Highest concentrations of binding sites occur in spinal cord, particularly the ventral horn and dorsal root ganglia; the pons-medulla, associated with the cranial nerve and pontine nuclei and throughout the brain stem reticular formation; the cerebellum, over the Purkinje cell layer; the midbrain, particularly the central gray and red nucleus; and hippocampus, over the pyramidal cell layer. Lowest levels are seen in the basal ganglia and parts of the thalamus, while all other areas, including hypothalamus and cerebral cortex, exhibit moderate grain densities. Quinolinic acid-induced lesions of the hippocampus indicate that ( +)3H-3-PPP labels hippocampal pyramidal cells and granule cells in the dentate gyrus. Intrastriatal injection of ibotenic acid dramatically reduces ( +)3H-3-PPP binding in this area, while injection of 6-hydroxydopamine produces a relatively slight decrease. The distribution of (+YH-3-PPP binding sites does not correlate with the receptor distribution of any recognized neurotransmitter or neuropeptide, including dopamine. However, there is a notable similarity between the distribution of (+)3H-3-PPP sites and high-affinity binding sites for psychotomimetic opioids, such as the benzomorphan (+)SKF 10,047.
The existence of three types of opioid receptors-mu, kappa, and sigma-was postulated to explain the effects of different opioids in chronic spinal dog preparations (Martin et al., 1976) . Sigma receptors, named for the prototypic agonist SKF 10,047 (N-allylnormetazocine), were suggested to mediate the psychotomimetic-like effects of SKF 10,047 in the dog. Similarities have been noted between the behavioral effects in animals and the psychotomimetic effects in man caused by such drugs (Haertzen, 1970; Keats and Telford, 1964) . Many pharmacological effects of drugs such as SKF 10,047 and cyclazocine are not blocked by opioid antagonists, e.g., naloxone or naltrexone (Iwamoto, 198 1; Vaupel, 1983; Young and Khazan, 1984) , suggesting that these drugs interact at sites very different from more classical opiate receptors. Furthermore, the ability of benzomorphans to produce "sigma" or psychotomimetic-like behavioral effects generally resides more in the (+) than the (-) isomer (Brady et al., 1982; Katz et al., 1985; Slifer and Balster, 1983) , a stereoselectivity opposite to that found at mu, kappa, or delta opiate receptors.
Binding sites in brain membranes with a drug specificity consistent with putative sigma receptors were first identified with (f)3H-SKF 10,047 in the presence of unlabeled etorphine (Su, 198 1, 1982) . Sigma receptor binding sites have also been labeled with (+) 3H-SKF 10,047 (Gundlach et al., 1985; Largent et al., in press; Martin et al., 1984; Tam, 1983 Tam, , 1985 Tam and Cook, 1984) , (+) and (+) 3H-ethylketocyclazocine (Tam, 1983 3H-ethylketocyclazocine (Tam, , 1985 and )H-haloperidol (Largent et al., 1984; Tam and Cook, 1984) . Binding of (+) and (-)3H-SKF 10,047 to mouse brain membranes reveals that the isomers differ in drug specificity and regional distribution (Martin et al., 1984) . Similarities in biochemical and behavioral effects of sigma opioids and phencyclidine (PCP) have suggested actions through a common receptor designated, sigma opioid/PCP receptor (Shannon, 1983; Zukin and Zukin, 198 1) . However, the regional distribution and pharmacology of (+)3H-SKF 10,047-labeled sigma receptor binding sites differ from 'H-PCP-labeled sites (Gundlach et al., Haloperidol 5.0 x 10-g 3.0 x 10-Y (-)Butaclamol 4.2 x 10-1 1.6 x lo-' (+)Butaclamol 2.0 x 10-z 2.0 x 10-G Pentazocine 4.0 x 10-a 2.5 x 10-a (+)Cyclazocine 1.3 x 10-7 1.2 x 10-7 (-)Cyclazocine 1.5 x 10-e 4.5 x 10-7
Slide-mounted sagittal sections ( 12 pm) of guinea pig brain were incubated with 4-5 nM (+)3H-3-PPP in the presence of Seven (triplicate) or 10 (duplicate) concentrations of drug, as described in Materials and Methods. IC,, values were calculated from the data using the EBDA computer program (McPherson, 1983) . Values are the average of two determinations. E Values from Largent et al. (1984) . Vol. 6, No. 6, Jun. 1986 Fzgure 1. Autoradiograms detailing the anatomical distribution of (+)'H-3-PPP binding in guinea pig brain (A-L). Representative brain sections are presented in a rostral-caudal progression. Increased whiteness in the photographs, printed directly from the Ultrofilm, corresponds to higher levels of (+PH-3-PPP binding. As detailed in Materials and Methods, 8 pm sections were incubated with 5 nM (+PH-3-PPP for 45 min at room temperature, washed, dried, and apposed to Ultrofilm for 4 weeks at 4°C. Nonspecific binding was measured in the presence of 1 PM haloperidol and is less than labeling seen over white matter in these plates. Structures were identified by reference to the atlases of Luparello (1967) and Paxinos and Watson (1982) . A& Accumbens nucleus (n.); Amb, ambiguus n.; AR, anterior pretectal area; CAl-3, fields CA-l, CA-2, CA-3 of Ammon's horn, hippocampus; Cb, cerebellum; cc, corpus callosum; CG, central gray; Cg, cingulate cortex; CP, caudate putamen; DDb, dorsal diagonal band of Broca; DG, dentate gyms; DTg, dorsal tegmental n.; ECU, external cuneate n.; Ent, entorhinal cortex; Fuc, facial n.; Fr, frontal cortex; Gn, 1985; Largent et al., in press; Martin et al., 1984; Tam, 1983 Tam, , 1985 Zukin and Zukin, 1979) . 3-(3-Hydroxyphenyl)-N-( 1-propyl)piperidine (3-PPP) and its enantiomers produce behavioral and biochemical effects in animals that are consistent with agonist actions at dopamine autoreceptors. These include in vivo effects similar to the dopamine agonist apomorphine, e.g., decreased nigral dopamine cell firing, reduction in the synthesis rate of dopamine in reserpine-or gammabutyrolactone-treated rats, and decreased locomotor activity (Arm et al., 1983; Hjorth et al., 1981 Hjorth et al., , 1983 Hjorth et al., , 1985 . However, in vitro, the lack of potency of 3-PPP in experimental systems thought to measure dopamine autoreceptor activity, such as inhibiting 3H-dopamine release from striatal slices (Markstein and Lahaye, 1983; Mulder et al., 1985; Sminia and Mulder, 1983) and decreasing tyrosine hydroxylase activity in synaptosomes (Haubrich and Pflueger, 198 l) , is inconsistent with the in vivo findings and calls into question the mechanism underlying 3-PPP's in vivo effects.
granule cell layer, cerebellum; GP, globus pallidus; Hb, habenula; Hpg, hypoglossal n.; ZC, inferior colliculus; ZN, zona incerta; LG, lateral geniculate n.; Lh4, lateral mamillary n.; LS, lateral septal n.; LtC, lateral cervical n.; LtR, lateral reticular n.; MC, medial geniculate n.; MO, molecular layer, cerebellum; MPo, median preoptic n.; MS, medial septal n.; MT, motor trigeminal n.; oc, optic chiasm; PCg, posterior cingulate cortex; Pk, Purkinje cell layer, cerebellum; Pn, pontine n.; PnR, pontine reticular n.; PO, preoptic area; PO, primary olfactory cortex; PrH, prepositus hypoglossal n.; Py, pyramidal cell layer, primary olfactory cortex; Rn, red n.; Rt, reticular n.; Sb, subiculum; SC, superior colliculus; SN, substantia nigra; SO, supraoptic hypothalamic n.; St, striate cortex; TRt, reticular thalamic n.; Ve, vestibular n.; VDb, ventral diagonal band of Broca; VP, ventroposterior thalamic area. Further details are given in the text. Calibration bar, 3 mm.
Recently, we identified specific binding sites for (+)3H-3-PPP in brain (Largent et al., 1984) . These apparently non-dopaminergic binding sites have a pharmacological profile and regional distribution essentially the same as putative sigma receptor sites labeled with ( +) 3H-SKP 10,047 (Gundlach et al., 1985; Largent et al., in press; Martin et al., 1984; Tam, 1983 Tam, , 1985 Tissue sections (8 wm) were labeled, as described in Materials and Methods, with 5 no (+)'H-3-PPP and apposed to LKB Ultrofilm for 4 weeks to generate autoradiograms. Nonspecific binding was defined as that in the presence of 1 pi haloperidol or 20 PM (+)cyclazocine, which gave equivalent low levels in all serial sections examined. Autoradiograms were analyzed using a computerized microdensitometer (Kuhar et al., 1984) , and optical densities were converted to fmol/mg protein by reference to lH-microscale standards (Geary and Wooten, 1983; Unnerstall et al., 1982) . Multiple readings were taken for each brain strncture on any individual autoradiogram and two-four sections at the same brain level from at least two animals were examined. Brain structures were identified by reference to the atlases of Luparello (1967) and Paxinos and Watson (1982) . 0 n. = nucleus or nuclei. h Values represent densities over large cells in ventral horn. j Values represent densities for overall gray matter.
were anesthetized with sodium pentobarbital and perfused via the left cardiac ventricle or aorta with 200 ml 50 mM sodium phosphate, pH 7.5, containing 100 mM NaCl, followed by 200 ml 50 mM sodium phosphate, pH 7.5, containing 0.3 M sucrose. After decapitation, brains and/or spinal cords were removed and mounted in a 1: 1 mixture of bovine brain paste : Tissue-tek (Miles Laboratories, Naperville, IL) in plastic embedding molds and frozen rapidly on dry ice-ethanol. At this stage, tissues were stored at -20°C. Tissues were mounted on microtome chucks, and 8 or 12 pm sections were cut at -18°C and thaw-mounted on gelatin/chrome alum-coated slides. Brain sections were stored at -20°C until use.
Autoradiography
Tissue sections were warmed to room temperature and washed in 50 mM Tris-HCI buffer, pH 8.0 (incubation buffer), for a 15 min preincubation period at 22-25°C. In routine experiments, slides were drained and transferred to the incubation mixture in 50 ml coplin jars. Brain sections were incubated in buffer containing 4-5 nM (+)'H-3-PPP for 45 min at 22-25°C. Nonspecific binding was determined by inclusion of 1 MUM haloperidol or 20 PM (+)cyclazocine in the incubation buffer. For drug-inhibition studies, brain sections after preincubation were dried on a slide-warmer set at 30°C and then covered with 300-500 ~1 of incubation buffer containing 4-5 nM (+PH-3-PPP and various concentrations of drug for 45 min at 22-25°C. Following incubation, slides were dipped (l-2 set) and then washed (2 x 4 min) in buffer, rinsed in distilled water, and dried under a stream of cold dry air and then on a slide-warmer (30°C). Brain sections were then either removed with glass fiber filter disks and their radioactivity content estimated by scintillation spectrometry or apposed to tritium-sensitive Ultrofilm (LKB, Gaithersburg, MD) at 4°C for 4-10 weeks to generate autoradiograms.
Data analysis
After the appropriate time of exposure, Ultrofilm was developed and fixed using Kodak D-19 developer and Rapid Fixer. Densitomettic analysis of (+PH-3-PPP binding was performed using a computerized microdensitometer (Loats Associates, Westminster, MD, Kuhar et al, 1984) with optical densities converted to fmol/mg protein using a standard scale based on tritium-methacrylate microscales (Amersham, Chicago, IL; Geary and Wooten, 1983) exposed to each film. Data from drug-inhibition experiments were analyzed using the EBDA curve-fitting computer program (McPherson, 1983) .
Lesion studies
Selective neuronal lesions in different brain areas were made using various neurotoxins. Male Sprague-Dawley rats (200-250 gm) were anesthetized by intraperitoneal injection of chloral hydrate (400 mg/kg) or sodium pentobarbital(65 mg/kg) and placed in a stereotaxic frame (Kopf Instruments, Tujunga, CA). Injection-site coordinates were determined using the atlas of Paxinos and Watson (1982) and confirmed by dye injection in age-matched controls or by histological examination during sectioning for autoradiographic studies.
Quinolinic, ibotenic, and kainic acids were dissolved in 0.9% NaCl and adjusted to pH 7.4 with 0.1 M NaOH. 6-Hydroxydopamine was dissolved in a 1 mg'ml ascorbic acid solution. Toxins were administered into the desired brain area in a volume of l-2 ~1 with a Hamilton microsyringe over l-2 min. Lesioned animals were sacrificed at the appropriate time following treatment. The extent and selectivity of lesions was determined by histological examination of brain sections with toluidine blue, acetylcholinesterase, and silver stains (Ralis et al., 1973) . Quinolinic acid (200 nmol) was used to lesion the hippocampal formation (Schwartz et al., 1983) . Ibotenic acid (100 nmol) or 6-hydroxydopamine (100 nmol) was microinjected unilaterally into the corpus striatum to lesion intrinsic neurons or dopaminergic neurons, respectively (Schwartz et al., 1979; Ungerstedt, 197 1) . Autoradiography was performed as described and densitometric analysis was used to determine the quantitative regional effects of the lesions on (+PH-3-PPP binding. 
Results
General characteristics of (+)'H-3-PPP binding to brain sections Before attempting autoradiographic localization of (+PH-3-PPP binding sites, it was necessary to establish that binding sites labeled with (+PH-3-PPP in slide-mounted brain sections have similar properties to those in tissue homogenates (Table 1) tion constant (KJ is 30 nM, similar to values obtained in brain homogenates (Largent et al., 1984) . The estimated maximal number of binding sites (B,,,) is 100-l 50 fmol/l2 Mm sag&al section, consistent with levels found in brain homogenates.
The drug specificity of ( +)3H-3-PPP binding in brain sections is also similar to that of homogenates. The most potent inhibitor of binding is haloperidol (IC,, = 5 nM). As in homogenates, the stereospecificity for opioids is opposite to that of conventional opiate receptors, with the (+)isomer of cyclazocine being 10 x more potent than the (-)isomer. While 3-PPP displays pharmacologic activity at dopamine receptors (see introduction), (+PH-3-PPP binding in brain sections, as well as homogenates, shows a stereospecificity opposite to that observed at dopamine receptors for the neuroleptic butaclamol, with the (-)isomer 50 x more potent than the (+)isomer.
Autoradiographic localizations of (+)3H-3-PPP binding sites in guinea pig CNS Discrete localizations of (+)3H-3-PPP binding sites are observed throughout the guinea pig CNS, confirming and extending our earlier observations (Largent et al., 1984 )-see Figures 1 and 2 and Table 2. In the cerebral cortex, intense binding is associated with the pyramidal cell layers, especially in the pyriform (or primary olfactory) cortex (Fig. 1, A-D) . Superficial layers in the cingulate, anterior and posterior (Fig. 1, B-F) , and retrosplenial ( Fig. 1 , G-H) cortices are also heavily labeled. In contrast to the distribution of dopamine receptors, relatively little binding is observed in the caudate-putamen (Fig. 1, B-D) , although moderate levels are present in the ventral pallidum and the globus pallidus (Fig. 1D ). In the hypothalamus and related areas, the medial preoptic, preoptic, supraoptic, and paraventricular nuclei are intensely labeled (Fig. lD) , as are the lateral mamillary bodies (Fig. 1E) . However, receptor labeling is not uniform throughout the hypothalamus, as more medially the mamillary bodies are almost devoid of autoradiographic grains. Most of the thalamus is poorly labeled, with the ventral posterior nucleus being nearly devoid of grains (Fig. 1E) . By contrast, substantial binding occurs in the lateral reticular nucleus of the thalamus as well as the zona incerta of the subthalamus. The choroid plexus is also heavily labeled by ( +)3H-3-PPP (Fig. 1D) .
Many structures associated with the limbic system are heavily labeled. For instance, the lateral septal nucleus has a high grain density, as do the medial septal area, the diagonal band, and parts of the hippocampus. Within the hippocampus, grain densities are restricted to the pyramidal cell layers (CAl-4) and the granular layer of the dentate gyrus (Fig. 1, E, F) . The central gray of the midbrain is intensely labeled, and moderate binding occurs in the subiculum (Fig. 1, F-H) .
Within the hindbrain, intense punctate binding is seen over cranial nerve nuclei, including the hypoglossal, vestibular, facial, abducens, trochlear, and oculomotor nuclei, the motor nucleus of the trigeminal nerve, motor nucleus of the vagus, and the nucleus ambiguus (Fig. 1, G-L) . Other brain stem areas with high levels of binding include the red nucleus, the pontine nuclei, the pontine and medullary reticular formation, and the superior colliculus.
The cerebellum displays a discrete band of labeling associated with the Purkinje cell layer (Fig. 1, F-L) . A substantial grain density overlies the granule cell layer; this contrasts with the molecular layer, which has low binding levels. Moderate grain densities occur in some of the deep cerebellar nuclei, such as the lateral cervical nucleus. In spinal cord, the highest concentrations of grains occur in the dorsal root ganglia at all levels examined (Fig. 2) . In most sections the grains appear concentrated in the peripheral zone, with the central portion of the ganglion, containing fibers of passage, displaying fewer grains (see below). Radiographic grains are associated exclusively with gray matter areas throughout the spinal cord and are more dense in the ventral than the dorsal horn.
Autoradiographic localizations of (+)jH-3-PPP binding sites in rat CNS As marked species differences in receptor binding sites for a variety of ligands have been described, we also examined the localization of (+)3H-3-PPP binding sites in the rat CNS (Fig.  3) . Localizations are closely similar in rat and guinea pig CNS, with only quantitative differences between the two species. Very high grain densities occur over motor nuclei, such as the motor nucleus of the trigeminal nerve, and facial and hypoglossal nuclei (Fig. 3, H-K) , as in the guinea pig. In the hippocampus of the rat, as in the guinea pig, grain densities are most concentrated in the pyramidal cell layer (Fig. 3, D-F) . While the guinea pig has high levels of receptors in the Purkinje cell layer of the cerebellum (see below), relatively less binding is apparent in the rat cerebellum. However, the limited amount ofbinding appears primarily associated with the Purkinje and granule cell layers (Fig. 3, H-K) . In the rat brain stem, pontine and reticular nuclei display lower (+)3H-3-PPP binding relative to the intense labeling of these areas in the guinea pig. The distribution of (+YH-3-PPP-associated grain densities in the spinal cord of the rat is similar to that seen in the guinea pig (Fig. 3L ).
Cellular localization of (+)'H-3-PPP binding sites The cellular localization of receptor binding sites was further investigated by histological examination of specific areas ofguinea pig and rat brain under high-power magnification and comparison with the corresponding autoradiographic grain distributions. In all areas examined (i.e., the hippocampus, cerebellum, and brain stem), grains appear localized exclusively to neuronal cell bodies (Figs. 4 and 5 ). In the guinea pig cerebellum, the highest concentration of ( +)3H-3-PPP binding is over the Purkinje celI layer, with moderate to low concentrations associated with the granule cell and molecular layers, respectively (Fig.  4B) . The spinal cord displays grains primarily over large motor neurons in the ventral horn. In dorsal root ganglia, (+)3H-3-PPP binding is associated with the sensory cells and not with the white matter tracts passing through the ganglion (Fig. 40) . The binding is so intense that, even with coverslips, it is difficult to differentiate between the sensory and satellite cells. Given the association of ( +)sH-3-PPP binding with gray matter regions elsewhere in the brain, binding is likely to be to the sensory cells (see below). (+)3H-3-PPP binding in all the cranial nerve nuclei selectively overlies large motor cells, for example, the hypoglossal (Fig. 5A) , ambiguus (Fig. 5B) , and facial ( Fig. 5D ) nuclei. Radiographic grains in the hippocampus are selectively associated with pyramidal cells and the granule cells of the dentate gyrus (Fig. 6) , while, in the pars compacta of the substantia nigra, receptors appear localized to dopamine neuron cell bodies (see below).
Eflects of neurotoxin lesions on (+)SH-3-PPP binding sites in rat brain
The selective association of autoradiographic grains with neuronal cell bodies in many brain regions suggests that receptors are primarily localized to neuronal cells. However, grains could be localized also to nerve terminals synapsing on neuronal soma. Accordingly, selective lesions of intrinsic neurons were employed to investigate this possibility. In the hippocampus, quinolinic acid lesions abolish autoradiographic grains over the pyramidal cell layer of the hippocampus and the granule cell layer of the dentate gyrus (Fig. 6 , Table 3 ). The loss of binding in hippocampal pyramidal cell layers with quinolinic acid treatment strongly suggests that receptors are selectively associated with the pyramidal cells. Furthermore, lesions of the entorhinal cortex and lateral septum, both sources of major neuronal projections to the hippocampus, produce no change in grain patterns in the hippocampus. Thus, within the hippocampus, grains appear to be primarily, if not exclusively, associated with pyramidal cells. In a single animal, kainic acid injected into the cerebellum depleted receptor binding associated with the granule and Purkinje cell layers by about 50%, with no effect on the low levels of binding to the molecular layer (data not shown).
To evaluate ( +)3H-3-PPP-associated grain localizations in the striatonigral system, either ibotenic acid or 6-hydroxydopamine was administered into the corpus striatum to lesion intrinsic neurons or dopaminergic tierents, respectively. Both the corpus striatum and substantia nigra were examined in each lesioned animal for changes in (+)jH-3-PPP binding (Table 3) . Ibotenic acid administered into the corpus striatum substantially depleted striatal autoradiographic grains with a much smaller effect on binding in the substantia nigra, suggesting an association of striatal (+)3H-3-PPP binding primarily with intrinsic neurons that do not project to the substantia nigra.
Striatal injection of 6-hydroxydopamine, which destroys dopamine nerve terminals in the corpus striatum and produces a retrograde degeneration of dopamine containing cells in the pars compacta of the substantia nigra, significantly depleted ( +)3H-3-PPP binding in the ipsilateral pars compacta of the substantia Vol. 6, No. 6, Jun. 1986 nigra, with a relatively smaller loss of binding evident in the corpus striatum (Table 3 ). In the same animals, striatal 3H-mazindol binding, associated with dopamine uptake sites on dopaminergic nerve terminals (Javitch et al., 1985) , is abolished, demonstrating the effectiveness of the lesion. This suggests that (+)3H-3-PPP binding is present on the cell bodies of dopamine containing neurons in the pars compacta of the substantia nigra and that a small portion of ( +) in the corpus striatum is present on dopaminergic terminals.
The possible association of sigma receptors with other biogenie amine systems was also investigated. Rats were treated with p-chloroamphetamine, which destroys serotonin neurons (Kohler et al., 1978; Neckers et al., 1976) and N-[2-chloroethyll-N-ethyl-2-bromobenzylamine (DSP-4), which selectively destroys norepinephrine-containing neurons (Hallman et al., 1984; Jonsson et al., 1981) , and (+)3H-3-PPP binding was measured in whole-brain homogenates. Neither of these treatments markedly affected binding levels, despite their depletion of serotonin and norepinephrine concentrations, respectively, indicating significant lesions of these neuronal systems (data not shown).
Discussion
Binding sites for (+)3H-3-PPP in both guinea pig and rat CNS display very discrete localizations. While it is difficult to generalize about the type of structures labeled, the highest densities of radiographic grains appear to be associated with structures of the limbic system, cranial nerve motor and sensory nuclei, as well as reticular nuclei at all levels of the brain stem. Furthermore, the sensory dorsal root ganglia and the motor cells in the ventral horn of the spinal cord are heavily labeled. Highpower magnification studies of binding patterns indicate a selective localization of grains over neuronal cell bodies, a finding confirmed by a variety of lesion studies. Grain densities are highest in nuclei with large neuronal cells, such as the supraoptic and paraventricular nuclei of the hypothalamus, the pyramidal cells of the hippocampus and cortex, and Purkinje cells of the cerebellum.
Previous studies Largent et al., 1984, in press) revealed that the drug specificity of ( +)3H-3-PPP binding sites is very similar to sigma receptor binding sites identified with (?) and (+) 3H-SKF 10,047, 3H-haloperidol, and 3H-ethylketocyclazocine (Gundlach et al., 1985; Largent et al., 1984, in press; Su, 198 1, 1982; Tam, 1985; Tam and Cook, 1984) . Other studies have suggested that psychotomimetic opioids, such as (+)3H-SKF 10,047, label binding sites resembling PCP receptors (Itzhak et al., 1985; Mendelsohn et al., 1985; Zukin et al., 1984) and differ from sigma sites. This discrepancy appears resolved by recent findings that (+)3H-SKF 10,047 labels two binding-site populations Largent et al., in press ). The high-affinity sites have the pharmacological specificity of sigma binding sites as defined by their labeling with 3H-haloperidol and (+)'H-3-PPP, while the low-affinity sites represent PCP receptors. Thus, the binding sites examined in the present study are those defined as non-PCP sigma receptor binding sites.
Studies of the effects of 3-PPP in rodents suggest that the drug interacts with autoreceptors on dopamine neurons (Amt et al., 1983; Hjorth et al., 1981 Hjorth et al., , 1983 Hjorth et al., , 1985 . In the substantia nigra, sigma receptor binding sites appear localized to the dopaminecontaining cells of the pars compacta. Conceivably, the localization of sigma receptors in the nigra, as well as the cerebellum and other relevant regions, might relate to the effects of 3-PPP on locomotion. However, recent studies indicate that dopaminergic effects of 3-PPP are blocked by (+)butaclamol but not by the (-)isomer (Hjorth et al., 1985) , in contrast to the stereospecificity. observed for butaclamol isomers at sigma receptors.
Whether the sigma binding sites are responsible for mediating the sigma-like psychotomimetic effects of opioids is difficult to establish. Human data are limited, and it is unclear whether the behavioral effects of drugs in animals faithfully mimic those in humans. However, the sigma binding sites do show stereoselectivity for opioids, with the (+)isomer being more potent; this corresponds to the greater potency of the (+)isomers of opioids in producing putative sigma-behavioral effects (Brady et al., 1982; Katz et al., 1985; Slifer and Balster, 1983) . Recently, on the basis of autoradiographic results revealing sigma receptor binding sites on cerebellar Purkinje cells, the in vivo function of sigma receptors was investigated. Iontophoresis of (+)3-PPP onto cerebellar Purkinje cells decreases their spontaneous firing rate, an effect potently blocked by haloperidol and (+)SKF 10,047, but only weakly by (-)SKF 10,047 (Lee et al., 1985) . Moreover, the (+)isomer of 3-PPP is more potent than the (-)isomer, similar to their relative potencies in vitro at sigma receptor binding sites. This in vivo effect of (+)3-PPP corresponds with the in vitro autoradiographic localization of sigma sites to cerebellar Purkinje cells and the pharmacological profile of sigma sites, thus suggesting that these in vivo inhibitory effects of (+)3-PPP are mediated through sigma receptors.
